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ABSTRACT 

The shear strength of a granular material is dependent upon the stress state. To date a rational 

explanation of this strength-state dependency has been elusive.  Numerous researchers including [1] 

have shown that when the coefficient of friction exceeds a certain value, subsequent increases in 

friction do not result in an increase in shearing resistance and so the stress-dependent strength does 

not depend on frictional resistance at the contacts.  Experiments and DEM simulations have 

confirmed the development of contact force networks in stressed granular materials [2,3].  The idea 

that these force chains collapse or buckle during shearing is well known. 

The link-node model proposed by [4] is used here to explore the hypothesis that the stress-dependent 

strength of granular materials arises due to the stress-dependent lateral support provided to the strong 

force chains that are aligned with the major principal stress.  Two scenarios are considered: (1) a 

triaxial stress state and (2) a true triaxial stress state.  In both cases simple, highly idealized models of 

strong force chains were created.  In both cases, the strong force chain is represented as a vertical 

column comprising rigid links linking nodes; translation and rotation are allowed at the nodes.  Each 

node is connected to rotational and lateral springs. In the triaxial case, the springs include sliders and 

the slider activation point was varied to model a variation in the stress applied orthogonal to the 

strong force chain.  As discussed in [5],  for the true-triaxial model the lateral springs did not have 

sliders and the spring stiffnesses were varied to capture stiffnesses in the minor and intermediate 

principal stress directions reported in [6].  In both cases, the total potential energy function was 

developed for the model and the stationary point was determined using [7]. 

For the triaxial analyses, a linear variation in buckling load with confining stress was observed; this 

agrees with a Mohr-Coulomb failure envelope.  For the true-triaxial analyses, the relationship 

between the buckling load and the intermediate stress ratio agrees with the relationship between the 

peak major principal stress and the intermediate stress ratio observed in experiments and DEM 

simulations.  The models provide evidence that the variation in lateral support provided to the strong 

force chains with varying stress state explains the stress-dependency of granular material strength. 
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